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摘   要 
在全球资源日益紧张的今天，结构轻量化研究得到越来越多的关注，我国从































































As the globule resource becoming increasingly tight, we take more and more 
attention on the research on structure lightweight design. Our country introduce the 
lightweight design technology into the field of construction machinery since 1990s, 
with the continuous development of lightweight technology, domestic university and 
enterprise has achieved very good results in reducing material consumption and 
environment pollution, improving material utilization and engineering mechanical 
performance, and increasing profits and international competitiveness. Now, the 
domestic lightweight design is mainly based on traditional CAD geometric 
model-based optimization design, the lack of effective induction and consolidation on 
lightweight design knowledge and experience in the design process, without 
knowledge sharing and reuse, resulted in product develop slowly and lack of core 
competitiveness. Therefore, the lightweight design method based on the knowledge 
reuse is of great significance for improving the level of construction machinery 
products lightweight design. 
Based on solving the problem of design knowledge management in the 
lightweight design of mechanical machinery, analyzed the classification and 
characteristics of lightweight design knowledge, studied the process of lightweight 
design, and established the knowledge base system model for construction machinery 
lightweight design. With the purpose of practical application, this paper carried on a 
comprehensive research on the functional requirements and key technologies of 
knowledge base system of lightweight design. As a case study of loader working 
device illustrated the work principle of lightweight aided design knowledge base 
system. The main research content includes the following aspects: 
1、Chose the components that can be lightweighted based on the Loader′s 
characteristics，and chose the lightweight methods based on TRIZ. 















knowledge of construction machinery is the key to the research of knowledge base 
system, this paper combines the characteristic of knowledge in lightweight design 
field proposed using the object-oriented notation products instance and the experience 
knowledge, and studied the implementation technology of object-oriented 
representation in database. 
3、This paper studied the knowledge acquisition methods and processes, put 
forward the method of knowledge acquisition of knowledge base system and the 
management of knowledge base are discussed in this paper, the main content includes: 
the detection of the knowledge of the consistency, completeness and redundancy, as 
well as the knowledge’s increase, modify, delete, browse and evaluation, etc. 
4、Combined with the mechanical machinery lightweight design process, this 
paper  analyzed the strategy and process of knowledge retrieval and the knowledge 
inference, put forward the combination of CBR and RBR integrated reasoning model, 
and applied to the lightweight design of mechanical machinery.  
5、According to the integration of knowledge base system and other systems, this 
paper discussed the integration of knowledge base system and CAE software, the 
PDM date exchange technology , database development and access technology, as 
well as the integration of patent innovation system and experience knowledge 
management platform. 
6、As the description and validation of the study, based on the working device of 
loader as an example, detailed elaborated the working principle of lightweight aided 
design knowledge base system, illustrates the structure of knowledge base and 
knowledge application in the system, finally realized lightweight design of the work 
device. 
 
Keywords: design for lightweight; knowledge base system; knowledge acquisition; 
Knowledge Reasoning 
 
This thesis is based on the project supported by: The National Key Technology 





























第一章 绪论 ..............................................................................................1 
1.1 研究的目的和意义 .........................................................................................1 
1.2 课题的背景和来源 .........................................................................................2 
1.3 课题相关内容的研究现状 .............................................................................2 
1.3.1 轻量化技术的研究现状.........................................................................3 
1.3.2 KBE 的研究现状....................................................................................5 
1.4 本文研究的主要内容 .....................................................................................6 
第二章 装载机的轻量化设计 ..................................................................9 




2.2 基于 TRIZ 和有限元分析的轻量化设计 .....................................................21 
2.2.1 基于 TRIZ 和有限元分析的轻量化设计流程...................................21 
2.2.2 轻量化设计方法..................................................................................24 
2.3 案例分析：装载机动臂的轻量化设计 .......................................................29 
2.3.1 原动臂的有限元分析..........................................................................29 
2.3.2 动臂的轻量化设计..............................................................................31 
2.4 本章小结 .......................................................................................................33 
第三章 装载机轻量化设计知识建模 ....................................................34 




















3.2 基于 CBR 和 RBR 的集成推理模型 ...............................................................38 
3.2.1 CBR 和 RBR 集成推理模型................................................................38 
3.2.2 推理机制和推理方向..........................................................................39 
3.2.3 轻量化知识管理系统推理流程..........................................................40 
3.3 与其他系统的集成 .......................................................................................43 
3.3.1 PDM 数据接口 .....................................................................................43 
3.3.2 CAE 系统、专利系统和经验知识管理平台......................................47 
3.4 本章小结 .......................................................................................................48 
第四章 装载机轻量化设计知识管理系统开发和应用........................49 
4.1 系统开发环境 ...............................................................................................49 




4.3 知识库的建立和实现 ...................................................................................53 
4.3.1 知识库的结构组织形式......................................................................53 
4.3.2 知识存储的实现..................................................................................54 




4.5 系统应用实例 ...............................................................................................62 
4.6 本章小结 .......................................................................................................73 
第五章 总结和展望 ................................................................................74 
5.1 总结 ...............................................................................................................74 
5.2 展望 ...............................................................................................................75 
参考文献 ..................................................................................................77 


















Chapter 1 Preface......................................................................................1 
1.1 Research Purpose and significance ...............................................................1 
1.2 Research background and source..................................................................2 
1.3 Research status of the task .............................................................................2 
1.3.1Research status of lightweight technology ..............................................3 
1.3.2 Research status of KBE ..........................................................................5 
1.4 The framework of this dissertation ...............................................................6 
Chapter 2 The lightweight of the loader.................................................9 
2.1 The lightweight characteristics and rules of loader.....................................9 
2.1.1 The lightweight damands and characteristics of whole loader ...............9 
2.1.2 The lightweight damands and characteristics of the components of 
loader..............................................................................................................12 
2.1.3 The lightweight rules of loader .............................................................16 
2.2 The lightweight design based on TRIZ and FEA.......................................21 
2.2.1 The lightweight design process based on TRIZ and FEA ....................21 
2.2.2 The lightweight design methods ...........................................................24 
2.3 Case analysis：The lightweight design of loader boom ............................29 
2.3.1 The FEA of loader boom.......................................................................29 
2.3.2 the lightweight design of loader boom..................................................31 
2.4 Brief summary...............................................................................................33 
Chapter 3 The model of lightweight design knowledge of loader ......34 
3.1 The knowledge representation method of lightweight knowledge ...........34 
3.1.1 The lightweight process of loader.........................................................34 
3.1.2 The knowledge constitution of lightweight knowledge base................35 
3.1.3 The knowledge representation method of lightweight knowledge .......36 
3.1.4 The frame model of knowledge management.......................................37 
















3.2.1 The integrated reasoning model based on CBR and RBR....................38 
3.2.2 Reasoning mechanism and direction ....................................................39 
3.2.3 Reasoning flow of lightweight design knowledge manage system ......40 
3.3 The integration with systems .......................................................................43 
3.3.1 PDM data interface .............................................................................43 
3.3.2 The integration with CAE system, patent innovation system and the 
platform of experience knowledge management .........................................47 
3.4 Brief summary...............................................................................................48 
Chapter 4 The development and application of lightweight design 
knowledge manage system of loader .....................................................49 
4.1 The develop environment .............................................................................49 
4.2 System general design...................................................................................49 
4.2.1 Design goal ...........................................................................................49 
4.2.2 Key of design ........................................................................................50 
4.2.3 The frame of general function...............................................................51 
4.3 The establishment and Realization of knowledge base .............................53 
4.3.1 The organization form of knowledge base............................................53 
4.3.2 The realization of knowledge storage ...................................................54 
4.4 The obtain, search and application of lightweight knowledge..................56 
4.4.1 The obtain of lightweight knowledge ...................................................56 
4.4.2 Case retrieval based on similarity computation ....................................59 
4.4.3 Knowledge application .........................................................................61 
4.5 Application case.............................................................................................62 
4.6 Brief summary...............................................................................................73 
Chapter 5 Conclusion and prospect ......................................................74 

























机械行业的销售规模增长近 4 倍，2009 年全国销售额达 3100 亿元，占全球市场
的 31%，尤其是装载机以 15 万台的销量占全世界的 75%，2010 年销售额为 4000
亿元，2011 年销售额为 5465 亿元，根据我国工程机械行业的“十二五”计划，
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